The purpose of this pilot study was to examine and evaluate the psychological and physiological effects of multiple sessions of laughter yoga on community members. Participants took part in a 45 min laughter yoga session once per month for 6 months. Before and after all sessions, participants completed the Profile of Mood States-Brief Japanese Version (J-POMS-B) questionnaire to assess their mood, and had blood drawn for the measurement of stress indicators and immune function. Serial changes in J-POMS-B scores were tested by three way analysis of variance, and changes in laboratory results per session were evaluated with a paired t-test. The results showed that repeated sessions of laughter yoga had psychologically beneficial effects, especially on the aspects of tension-anxiety, and vigor. Adrenocorticotropic hormone and cortisol values related to the participants' stress levels were significantly decreased after the fourth laughter yoga session. These results indicated that multiple laughter yoga sessions appeared to be effective in improving the psychological and physiological status of healthy adults.
| INTRODUCTION
Laughter is the best medicine. The truth of this proverbial phrase has been evidenced by a number of research projects. Ferner and Aronson's (2013) narrative synthesis of the beneficial and harmful effects of laughter found that the benefits of laughter include reduced anger, anxiety, depression, stress, and tension. However, harmful effects include syncope and cardiac and esophageal rupture. Bennett and Lengacher (2006a , 2006b , 2006c , 2009 ) outlined the evidence on how humor influences our physiological and psychological well-being in a four part review. Participants who could find humor in various situations consistently rated themselves as less anxious and reported less increase in stress in response to the approach of a stressor (Yovetich, Dale, & Hudak, 1990) . Heart disease among those who never, or almost never, laughed was 1.21 times more prevalent than in those who reported laughing every day. The adjusted prevalence ratio for stroke in those who laughed infrequently was 1.60 (Hayashi et al., 2016) . Kim et al. (2015) found that laughter therapy can improve mood state and self-esteem, and can be a beneficial, non-invasive intervention for patients with cancer in clinical settings. Mirthful laughter elicited by comic movies induces a beneficial impact on vascular function (Sugawara, Tarumi, & Tanaka, 2010) .
The Profile of Mood States (POMS) questionnaire is used as the measurement scale for assessing changes in mood (McNair, Lorr, & Droppleman, 1971) . Sakuragi, Sugiyama, and Takeuchi (2002) reported that after participants watched comedy movies, angerhostility scores on the POMS scale decreased, and vigor scores increased significantly. These findings suggest that laughter has a positive effect on psychological conditions. However, there are some difficulties in estimating the effect of laughter, because laughter is affected by personal preferences. For example, among people watching the same comedy movie, some will laugh and some will not.
Laughter generated through a sense of fun reflects individual interests, and thus differs among individuals.
Laughter yoga can be practiced by anyone who can laugh for no reason without relying on humor, jokes, or comedy. This therapy was founded in 1995 by Dr Madan Kataria, a medical doctor from Mumbai, India (Beckman, Regier, & Young, 2007) . Laughter yoga is a new form of exercise akin to internal jogging that promotes the use of laughter as a form of physical exercise. A number of research studies have investigated the use of laughter yoga in patients with a variety of medical conditions. In elderly, depressed women, Shahidi et al. (2011) reported the effect of laughter yoga in lowering blood pressure and blood sugar, enhancing social functioning, and increasing positive emotions. In their pilot study of patients awaiting organ transplantation, Dolgoff-Kaspar, Baldwin, Johnson, Edling, and Sethi (2012) demonstrated its effect on improving heart rate variability and mood.
In patients with type 2 diabetes without insulin therapy, Čokoli c, Herodež, Sternad, and Krebs (2013) reported that it was an effective complementary and preventive therapy in reducing postprandial levels of blood glucose. Despite these clinical evaluations of laughter yoga as a therapeutic regimen, the beneficial effects on healthy individuals are still not well documented.
The aim of this study was to examine whether laughter yoga improves mood and relieves stress, even in healthy adults before assessing its clinical utility as a means of stress management. To conduct the evaluation more objectively, we tried to collect quantitative data that can validate the effects of laughter yoga. We thus monitored changes in mood by use of the POMS-Brief Japanese Version (J-POMS-B), and performed blood tests that could reflect changes in the level of stress before and after laughter yoga.
| METHODS

| Study design and participants
The participants were 13 healthy adults ranging in age from 21 to 73 (average ±SD 46.7 AE 22.3) years. Eleven women and two men were recruited in April and May of 2013. They were invited to participate in the laughter yoga study by an information poster displayed at Yamaguchi Prefectural University in western Japan. People who were interested in laughter yoga research responded to the researchers, and were then informed of the purpose and method of the research before providing consent. All participants who stated they were healthy, wanted to participate, and were committed to undertaking the sessions were included in the research.
Six sessions of laughter yoga were held in Yamaguchi Prefectural
University under the guidance of a laughter yoga leader. Each session was performed without any humorous reason to laugh. The sessions included stretching, clapping, eye contact, body movement, breathing, and laughing.
The length of laughter yoga sessions in previous Japanese research included 15 min of muscle movements through facial expression exercises and 40 min of laughter yoga (Nishida & Fukushima, 2012) . By reference to this Japanese research, the present study used a session length of 45 min from start to finish.
The session was conducted once a month for 6 months. The laughter yoga leader, who had 3 years of experience teaching and performing laughter yoga, coached the participants and also acted as one of the research participants. We explained to him our research scheme well in advance, and obtained his consent for supporting the study.
| Measurements
To evaluate the participants' changes in mood, we conducted a questionnaire survey with the J-POMS-B at every session. The original POMS questionnaire survey was developed in the USA by McNair et al. (1971) to assess human emotions from the perspective of subjective factors, such as mood, feelings, and emotional states. It consists of 65 questionnaire items subclassified as anxiety-tension, depression-dejection, anger-hostility, vigor, fatigue, and confusion. A brief form of the POMS consisting of 30 items (POMS-B) was also developed by McNair, Lorr, and Droppleman (1992) and translated into Japanese as the J-POMS-B (Yokoyama & Araki, 1994) . Each category of mood was assessed by five grades, ranging from 0 (indicating not at all) to 4 (indicating extremely). Participants were instructed to report how they feel "right now, at this moment". Reliability coefficients (Cronbach's α) for the J-POMS-B are as high as .830, .839, .837, .849, .880, and .591 for tension-anxiety, depression-dejection, anger-hostility, vigor, fatigue, and confusion, respectively, and are similar to those for the full version. The correlation coefficient of scores between the J-POMS-B and the original POMS range as high as .933-.987 (Yokoyama, 2005, pp. 3-6) . The J-POMS-B was purchased from the Kaneko Shobou, Tokyo, a book publishing company.
To evaluate physiological changes in stress levels as a presumptive effect of laughter yoga, we sampled the participants' blood twice, 15 min before (at 10:15 AM) and 15 min after (at 11:30 AM) the yoga session, at the first and fourth yoga sessions. Each time, 12 ml of blood (3 ml in a 2 K ethylenediaminetetraacetic acid tube and 9 ml in a serum separator tube) was drawn to perform the laboratory tests. The blood specimens were processed and measured on the same day of sampling (Table 1 ). We measured the white blood cell count (WBC), red blood cell count (RBC), hemoglobin, platelet count, and natural killer cell activity (NKCA) as possible markers of stress level. Adrenocorticotropic hormone (ACTH) was analyzed by an electro-chemiluminescence immunoassay, and cortisol was analyzed by a chemiluminescence immunoassay. NKCA was measured at an effector-to-target ratio of 10:1. All measurements were performed by a qualified commercial clinical laboratory that operates in western Japan.
| Statistical analyses
Three sources of variation (SOV) of the six parameters (tensionanxiety, depression-dejection, anger-hostility, vigor, fatigue, and Before yoga
We conducted 6 sessions of laughter yoga. For sessions with >2 absentees, we excluded the data of the session. Only 4 sessions were evaluated after excluding data from sessions 3 and 5. Each mood was evaluated based on a score from 0 to 20. We rescaled the scores into the following 6 grades before performing 3 way analysis of variance: 0, 0−2; 1, 3−5; 2, 6−8; 3, 9−11; 4, 12−15; and 5, 16−20.
confusion), that is, those before and after laughter yoga, between sessions, and between individuals, were evaluated by three way analysis of variance (ANOVA). For sessions with more than two absentees, we excluded the data of the session from the statistical analysis. Therefore, data from four sessions were analyzed by three way ANOVA after excluding data from sessions three and five. The data of three participants were also excluded from the analyses because they were absent in some of the four chosen sessions. Therefore, the total number of participants whose data were actually used for the analyses was reduced to 10.
Because there was obvious bias in the distribution of each category of POMS scores, which take values between 0 and 20, we rescaled the scores into the following six grades before performing three way ANOVA: grades 0, 0−2; 1, 3−5; 2, 6−8; 3, 9−11; 4, 12−15;
and 5, 16−20.
To evaluate the changes in laboratory results before and after the yoga sessions, a paired t-test was performed for each session. The significance level was set at P < .05. The statistical analysis was performed using StatFlex version 6.0 (Artech Co., Osaka), a general-purpose statistical software.
| Ethical considerations
This research was conducted with the approval of the Yamaguchi Prefectural University Bioethics Committee (no. 25-10). We explained the study's purpose, significance, and methods to the participants.
They were informed that they were free to refuse to participate and that there was no disadvantage to withdrawing their consent. Personal information, such as the questionnaire answers and test results, was kept secure to ensure anonymity.
3 | RESULTS
| Changes in psychological conditions by Profile of Mood States-Brief Japanese Version
The analytical results of the J-POMS-B scores for the six aspects of mood before and after each yoga session and their time-serial changes are shown in Table 2 . For each mood score, three way ANOVA which indicates how much after-yoga score changes differ from one individual to another; and (vi) variations attributable to interaction of before/after yoga versus sessions (before/after yoga × sessions), which points to how much the after-yoga score change differs over the course of the four session. In terms of the relative significance of each SOV, we regarded P < .0001 as highly significant, P < .001 as moderately significant, and P < .01 as marginally significant.
For the tension-anxiety score, many of the SOV were regarded as highly significant. The leading SOV was "before and after yoga", for which a remarkable reduction in the score was consistently observed.
"Between sessions" variation was also highly significant, indicating that the tension-anxiety score changed over the four sessions. A progressive reduction of the score occurred, as shown in Figure 1 . The significance of "between individuals" simply indicates betweenindividual differences in the score. The highly significant interaction term of "before/after yoga × individuals" implies that before and after yoga changes in score differ from one individual to another. As shown the higher the score before each session, the greater the reduction after the session.
For the depression-dejection score, moderate significance was observed in "between individuals" and "before/after yoga × individuals" variations, but we did not observe significant variations in "before and after yoga".
For the anger-hostility score, the "before and after yoga" variation was highly significant (i.e. interpreted as a reduction in the score from Figure 1 ), whereas moderate significance was observed for "between individuals" and "before/after yoga × individuals"
variations.
For the vigor score, we noted a highly significant "between individuals" variation, but the significance of the "before and after yoga" variation was marginal. This finding implies a lack of consistency in the score change among individuals. However, the moderately significant interaction of "before/after yoga × sessions" indicates gradual improvement in the vigor score as the sessions progressed.
For the fatigue score, the only SOV was the "before and after yoga" variation, which was moderately significant.
For the confusion score, both "before and after yoga" and "between individuals" showed highly significant variations, but no remarkable interactions among the factors were observed.
Overall, the primary effect of the laughter yoga was regarded as that reflected in the "before and after yoga" variation. It was most prominently observed in the tension-anxiety, anger-hostility, and confusion scores.
| Changes in blood tests
The test results for the cortisol and ACTH levels of the participants before and after the yoga sessions were all within reference limits, as shown in Figure 2 . At the first yoga session, the levels of cortisol in six of the 10 participants decreased after yoga, but the changes were not significant (P = .296). At the fourth session, however, a more consistent reduction was observed, with seven of the 10 participants showing a noticeable reduction (P = .043). For ACTH, no consistent differences were observed at the first session before and after the yoga session; seven participants showed an increase and three showed a decrease. In contrast, at the fourth session, ACTH levels were reduced significantly (P = .009).
In contrast, the changes in laboratory test results after the yoga sessions were not significant for WBC, platelet count, and NKCA at either the first or the fourth session. For erythrocytes, we observed marginally significant elevations of RBC and hemoglobin levels both at the first and fourth sessions (P < .05). However, actual differences in The aim of our study was to investigate whether laughter yoga is beneficial to healthy Japanese without any mental and physical problems. It was, in effect, conducted as a feasibility study before its possible clinical application to alleviate mental stress in various groups, including elderly nursing home residents. To achieve this objective, we adopted the pre-post design for its implementation with the obvious difficulty of setting up an appropriate non-yoga control group among healthy volunteers. By applying approximately four to six sessions of 45 min yoga over 6 months, we focused on two aspects of A report by Yazdani et al. (2014) targeted healthy participants.
The researchers of that study recruited 38 university students and randomly divided them into two groups of equal size, with or without the intervention of laughter yoga. They found improvements in the sense of general health, anxiety, and depression, as measured by
Hiller's General Health Questionnaire in the yoga group. However, the students in the control group had no alternative intervention; they just answered the questionnaire multiple times, and thus they might not have served as a good control group. In effect, their study design was equivalent to the pre-post design involving students in the experimental group.
As a whole, our findings on the effectiveness of laughter yoga on mood in healthy individuals were essentially the same as those reported in the above clinical studies, although the psychological scales used differed among the studies. Our findings are consistent with those reported by Dolgoff-Kaspar et al. (2012) , who used the full 65 item version of the POMS.
Based on the J-POMS-B, we found that the average scores for the five negative aspects of mood -tension-anxiety, anger-hostility, fatigue, and confusion -decreased after each yoga session. However, for the first two aspects, we observed a moderately significant interaction of "before/after yoga × individuals", implying that the degree of change in negative mood differed between individuals.
In contrast, the vigor score was generally increased after yoga, but we noted a large between-individual variation in this score. As the sessions progressed, however, the differences in vigor score after yoga became more consistent, as indicated by the moderately significant variation of "before/after yoga × sessions".
Taken together, our results indicated that laughter yoga is a simple, non-invasive exercise that has an overall positive effect on mood, especially in terms of decreasing tension-anxiety and increasing vigor.
They also showed that repeated sessions of laughter yoga are recommended to enhance its beneficial effects.
We also evaluated after-yoga changes in the blood levels of the stress hormones, ACTH and cortisol. In the sampling, we need to take into account the influence of diurnal rhythm, that is, values are highest in the early morning and lower in the afternoon and at night. However, as we sampled twice at 10:15 and 11:30 AM, we presume the influence of diurnal rhythm was negligible. The test results at the first session were mixed, probably due to the participants' anxiety about the venipuncture, their first experience with laughter yoga, and becoming newly acquainted with the other participants. By the fourth session, however, ACTH and cortisol levels had decreased significantly after laughter yoga, implying a reduction in the stress level. Nagendra Although there have been many clinical studies on the utility of laugher yoga, the results of this study imply that laughter yoga is effective in stress management, even for healthy adults. Therefore, we would like to apply it first to nurses and other medical staff who are under constant daily stress, and then to elderly nursing home residents to improve their mood and vigor.
| Limitations
This study was a small pilot study conducted to evaluate the effect of six sessions of monthly laughter yoga on healthy adults. The use of a pre-post intervention design allowed us to sensitively observe serial beneficial changes in mood by laughter yoga. An ideal study design would be to set up a control group so that its effect is compared with an alternative intervention, such as regular yoga. However, this would require a large number of volunteers to detect statistically significant differences with the expectancy of similar effects by any other intervention.
Another limitation of this study was the low number of participants enrolled. The initial enrollment of 13 individuals was reduced to 10 after excluding those who attended less than four sessions. However, we found statistically significant pre/post changes in multiple aspects of mood and in some of the laboratory test results. We attribute the attainment of statistical significance to the use of three way ANOVA, which, in comparison with a simple paired t-test, generally shows high power in detecting differences in serial measurements when three or more measurements per individual are available.
Finally, owing to the small sample size, we cannot deny possible recruitment bias. Although we recruited participants via a public poster in Yamaguchi Prefectural University, the participants were limited to those interested in laughter yoga.
| Conclusion
The aim of this study was to evaluate the effects of repeated sessions of laughter yoga on levels of mood and stress in healthy adults. Its effects on mood were analyzed using the J-POMS-B score targeting six emotional aspects of mood. Three way ANOVA revealed that laughter yoga led to a progressive reduction in tension-anxiety scores and an increase in vigor scores. Laughter yoga was also found to be effective in decreasing the levels of stress hormones, ACTH and cortisol. These results indicate that regular laughter yoga can likely be applied safely to healthy adults and that it can be effective in improving mood and stress. Laughter yoga could also be applicable to medical staff under stress or elderly nursing home residents to improve their mood and vigor.
